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of acute coronary syndrome in native young
Saudi populationMushabab A. Al-Murayeh a, Adel A. Al-Masswary b, Mohamed D. Dardir c,
Mohamed S. Moselhy d, Ali A. Youssef e,⇑a–e Cardiology Department, Armed Forces Hospital, Southern Region, P.O. Box 101, Khamis Mushayt
a–e Saudi ArabiaObjectives: To investigate acute coronary syndromes (ACS) in the young Saudi population in Aseer Region,
southwestern Saudi Arabia.
Materials and methods: We retrospectively reviewed our database between January 2006 and May 2009, 924
patients were diagnosed to have ACS. Among them 107 patients (11.6%) met our definition of young [66 (61.7%) male
< 45 years, and 41 (38.3%) female < 55 years]. We compared this study population to a control group of 50 elderly
patients consecutively enrolled in a contemporary period.
Results: The overall age was 42.3 ± 7.9 and 68.7 ± 10.1 years in the study population and control respectively. 100%
of the population and 92% of the control group presented with chest pain. Diabetes mellitus (DM) prevalence was
46.7% in the study population (63.4% in females), and 62% in the control group. Hypertension, smoking, dyslipide-
mia and overweight/obesity were reported in 31.8%, 25.2%, 21.5% and 44.9% of the study population and 58%, 6%,
26% and 42% of the control group, respectively. Past history of coronary artery disease was documented in 16.8% of
the study population and 38% of the control group. The discharge diagnoses were ST-segment elevation myocardial
infarction (STEMI) in 41 (38.3%) (representing 4.4% of the whole ACS population) and 11 (22%) patients of the study
population and control group respectively, non-ST-segment elevation myocardial infarction in 36 (33.6%) and 23
(46%) patients of the study population and control group, respectively, and unstable angina in 30 (28.0%) and 15
(30%) patients of the study population and control group, respectively. Coronary angiography was performed in
86 (80.4%) and 41 (82%) patients in the study population and control group respectively. In hospital, one young
patient had acute ischemic stroke and one elderly patient died, 22.4% of the study population and 32% of control
group were discharged with clinical diagnosis of heart failure or in need for diuretics.
Conclusion: In our study, the young Saudi population with ACS had chest pain as the leading symptom. STEMI
was the major final diagnosis and among one of the highest reported worldwide. There is a high prevalence of DM;
however, they have favorable in hospital and short-term outcome.
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Advanced age is a risk factor for coronary ar-tery disease (CAD); however, 5–10% of myo-
cardial infarctions (MI) occur in patients younger
than 46 years of age [1–3], and in this patient
group the disease could be more devastating.
CAD in young patients is now better understood
as a rapidly progressive form of the disease [2–
4]. The special ethnic and cultural characteristics
and common positive consanguinity of parents
might impact the pattern of CAD in young Saudis
[5]. Data accumulated over the last three decades
have confirmed that there is an epidemic of type
2 diabetes in Saudi Arabia. There is evidence to
suggest that this has resulted from significant
socioeconomic transformation with significant
changes in lifestyle. The concomitant upsurge of
the epidemic of obesity is another irony of these
changes [4,6]. Data about CAD in young from
the Middle East and especially from Saudi Arabia
are scarce, and included a limited number of
young Saudis [7] that makes it an important area
of further research.Materials and methods
Study institute and study aim
Armed Forces Hospital Southern Region is a ter-
tiary medical center, with a high flow rate that ac-
cepts all cases with possible acute coronary
syndromes (ACS) including patients with acute
MI for primary percutaneous coronary interven-
tion (PCI). Accordingly, the purpose of this study
was to investigate the incidence of young adults
in the Saudi ACS population, the risk factors pro-
file, the clinical and angiographic characteristics
and outcome of applying contemporary manage-
ment guidelines.Inclusion criteria
According to patients and procedures guide-
lines (PPG) of treatment at the Armed Forces Hos-
pital Southern Region, all patients of any age with
ACS are admitted to the coronary care unit (CCU)
and are subjected to coronary angiography within
24 h; however, all patients with ST-segment eleva-
tion MI (STEMI) of onset < 12 h (or cardiogenic
shock within 18 h) are eligible for primary PCI. Pa-
tient selection for this study was based on filing
and computer database of patients of all ages with
the discharge diagnosis as ACS. Between January
2006 and May 2009, 924 consecutive patients had
been diagnosed to have ACS. For the purpose of
this study, only native young adult patients [de-
fined as: (1) young males < 45 years and (2) youngfemales < 55 years (either before or just after men-
opause)] were eligible for this study. Of these 924
native patients, 107 (11.6%) young adults with final
diagnosis as ACS were enrolled.
Control population
Fifty consecutive adult Saudis (34 males, agedP
45 years and 16 females, agedP 55 years) with
final diagnosis as ACS, who had been admitted
to the same institute in a contemporary period,
served as a control population.
Procedure and protocol
All patients with ACS are treated in coronary
care unit until the patient is fully stabilized and cre-
atinine kinase and its MB fraction normalize. Pri-
mary PCI using the transfemoral arterial
approach is carried out for all patients with STEMI.
Cardiac catheterization was strongly encouraged
to all patients and PCI, surgery or medical manage-
ment is offered accordingly. Clopidogrel (600 mg
loading dose in the emergency room or as soon as
possible in CCU and then 75 mg/day as mainte-
nance for one year) and aspirin (300 mg loading
dose and 81 mg/day indefinitely) were given to
each patient. Other commonly prescribed medica-
tions were angiotensin-converting enzyme inhibi-
tors, or angiotensin receptor blockers, statins,
beta-blockers, nitrates, and diuretics.
Definitions and data collection
The diagnosis of the different types of ACS was
based on the definitions of the American College
of Cardiology key data elements and definitions
for measuring the clinical management and out-
comes of patients with ACS [8]. Serum cardiac
biomarkers were used to assist in the diagnosis
of myocardial injury and considered positive
according to the hospital laboratory reference
range. Multiple vessel disease was defined as ste-
nosis of >50% in more than two major epicardial
coronary arteries. In-hospital death included all-
cause mortality; recurrent myocardial infarction
was diagnosed according to guidelines [9]. Stent
thrombosis was diagnosed according to The Aca-
demic Research Consortium (ARC) definition
[10]. Heart failure was diagnosed clinically when
the patient had shortness of breath, with ausculta-
tory findings of bilateral lung basal crackles and/
or crackles that improved with and needed dis-
charge on diuretics or other heart failure related
manifestations [11].
Detailed in-hospital and clinical follow-up data,
including age, gender, coronary artery disease risk
factors, Killip score on admission, clinical conges-
tive heart failure (CHF), troponin I, serial total and
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ACUTE CORONARY SYNDROME IN YOUNG SAUDI POPULATIONMB fraction of creatine kinase (CK-MB) level,
white blood cells (WBC) count, creatinine level,
and in-hospital and short-term (30-day) clinical
outcomes were collected prospectively and en-
tered into a file and computer database. Diabetes
was defined as having a history of diabetes diag-
nosed and/or treated with medication and/ or diet
or fasting blood glucose 7.0 mmol/l (126 mg/dl) or
greater. Hypertension was defined as having a
history of hypertension diagnosed and/or treated
with medication, diet, and/or exercise or blood
pressure greater than 140 mmHg systolic or
90 mmHg diastolic on at least two occasions.
Hyperlipidemia was defined as history of dyslipi-
demia diagnosed and/or treated by a physician or
total cholesterol greater than 5.18 mmol/l (200 mg/
dl), low-density lipoprotein greater than or equal
to 3.37 mmol/l (130 mg/dl), or high-density lipo-
protein < 1.04 mmol/l (40 mg/dl). Current smoker
was defined as a person smoking cigarettes within
one month of index admission. A positive family
history for CAD was defined as evidence of CAD
in a parent or other first-degree relatives before
55 years of age. Overweight was defined as body
mass index (BMI) 25–29.9 kg/m2, while obesity is
BMIP 30 kg/m2. Angiographic findings, includ-
ing the number of diseased vessels, culprit vessels
and intervention outcome were also collected and
entered into the database. Left ventricular ejection
fraction (LVEF) was assessed by echocardiography
24–36 h after admission and after primary PCI. As
per our PPG all patients who had cardiac catheter-Table 1. Baseline clinical characteristics of the study population.
Variable Study popu
Age 42.3 ± 7.9
Male 66 (61.7)
Body weight (kg) 79.6 ± 14.9
BMI# 31.3 ± 3.6
Overweight/obesity⁄ 48 (44.9)
Hypertension 34 (31.8)
Smoking 27 (25.2)
Diabetes mellitus 50 (46.7)
Hypercholesterolemia 23 (21.5)
Family history of CAD$ 13 (12.1)
History of CVS/TIA@ 3 (2.8)
Known coronary artery disease 18 (16.8)
History of prior MI£ 17 (15.9)
Systolic blood pressure (mmHg) in ER€ 134.1 ± 27.7
Diastolic blood pressure (mmHg) in ER 75.9 ± 13.9
Heart rate (bpm) in ER 83.6 ± 12.5
Killip class in ER 1.3 ± 0.5
¥ NA: not available.
# BMI: body mass index.
$ CAD: coronary artery disease.
@ CVS: cerebrovascular stroke. TIA: transient ischemic attack.
£ MI: myocardial infarction.
€ ER: emergency room.ization gave informed consent and our local insti-
tute of ethics and research committee approved
this study.
Statistical analysis
Data are expressed as the mean ± SD. Continuous
variables were compared using the unpaired t-test
and categorical variables were compared using the
chi-square test. Statistical analyses were performed
with SPSS for Windows version 17 (SPSS, Inc., Chi-
cago IL, USA). Two-sided values ofp < 0.05 were con-
sidered to be statistically significant.Results
The baseline clinical characteristics are shown
in Table 1. There was no significant difference
between the study population and the elderly
control group regarding gender distribution,
BMI, dyslipidemia, blood pressure in the emer-
gency room or the heart rate in the emergency
room. However, history of smoking was much
higher among the young population, while his-
tory of hypertension, DM, known CAD, history
of prior MI and history of prior cerebral stroke
or transient ischemic attack were significantly
higher in the elderly group. The elderly also
had worse Killip class at presentation. The prev-
alence of DM among the young females was 26/
41 (63.4%). 100% and 92% of the study population
and control group had angina chest pain as the
main presenting symptom.lation, 107 Older control, 50 p value
68.7 ± 10.1 0.0001
34 (68) 0.52
73.2 ± 10.7 0.3
29.1 ± 5.6 0.12
21 (42) 0.26
29 (58) 0.003
3 (6) 0.001
31 (62) 0.01
13 (26) 0.08
NA¥ NA¥
3 (6) 0.02
19 (38) 0.001
15 (30) 0.001
139 ± 26.6 0.09
79 .8 ± 15.4 0.23
81.4 ± 15.6 0.4
1.7 ± 0.9 0.01
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the study population were generally of no signif-
icant difference from the control group apart
from higher levels of creatine kinase and more
renal function disorders among the elderly con-
trol group.
Coronary angiography was performed in 86
(80.4%) of the young patients, and 41 (82%) elderly
patients. Coronary angiography was normal in 8
(9.3%) of the young population but none of the el-
derly showed evidence of atherosclerosis with less
than 50% stenosis in 12 (14%) of the young popula-
tion and 2 elderly patient (4.9%), and significant
stenosis in 66 (76.7%) and 39 (95.1%) young and el-
derly angiographic cohorts, respectively. PCI was
performed in 58 (67.4%) of the young patients and
36 (87.8%) of the elderly. One young patient and
one elderly patient had definite acute stent throm-
bosis, and another young patient had probable
subacute stent thrombosis. All other PCI cases
were successful.
In-hospital outcome and discharge diagnosis:
The duration of hospital stay was 4.2 ± 3.2 days in
the young population and 6.9 ± 6.8 days in the el-
derly (p value = 0.035) (Table 3). The final diagnosis
was STEMI in 41 (38.3%) of the young population of
ACS, and 4.4% among the totally screened young
population, while STEMI was the final diagnosis
in 11 (22%) elderly patient (p = 0.01). NSTEMI was
the final diagnosis in 36 (33.6%) young patients
and 23 (46%) elderly patients (p < 0.01), and finally,
unstable angina was diagnosed in 30 (28%) young
patients and 15 (30%) elderly patients (p = 0.28).
One young patient had stroke while in the hospital,
and two other young patients had in-hospital
NSTEMI complicating stent thrombosis, one of
them underwent another coronary angiography
and PCI. Among the elderly population, one pa-
tient developed sudden chest pains with ECG
changes at the territory of the treated culprit (prob-Table 2. Baseline laboratory findings in the study population.
Variable Study populat
Hemoglobin (g/dl) 14.5 ± 2.5
White blood cells count (first) 9.4 ± 4.3
White blood cells count (highest) 11.1 ± 4.6
Random blood sugar (lmol/l) 10.1 ± 5.2
Creatinine (mmol/l) 88.1 ± 41.9
Total cholesterol (mmol/l) 4.5 ± 1.4
LDL (mmol/l)* 2.7 ± 0.8
HDL (mmol/l)# 0.81 ± 0.34
Triglycerides (mmol/l) 1.58 ± 0.91
Creatinine kinase (u/l) 662.3 ± 1062
Creatinine kinase-MB (%) 5.2 ± 5.8
Troponin I (positive) 69 (64.5)
* LDL: low-density lipoprotein.
# HDL: high-density lipoprotein.able stent thrombosis) and died in-hospital. Three
other elderly patients had post PCI elevation of the
cardiac enzymes (MI). None of the elderly had a
stroke. Overall 3 young patients (2.8%) and 4 el-
derly controls (8%) had in-hospital complications
(p = 0.01). On discharge from the hospital, clinical
heart failure was considered in 23 (21.5%) of the
young and 16 (32%) elderly patients (p va-
lue = 0.03). In both groups, the females signifi-
cantly dominated the diagnosis of clinical CHF,
despite non-significant differences in the LVEF.
Discharge medications and one-month follow-
up: the young and elderly patients had been gen-
erally discharged on similar medications apart
from a higher use of diuretics and insulin in the el-
derly. All the hospital-discharged patients came
for follow-up at one month (Table 4). There were
no new deaths, strokes or MI. The difference in
diagnosis of clinical heart failure at discharge per-
sisted to be more in the elderly population, essen-
tially as NYHA class 1 (p = 0.015). There was no
difference in the complaint of angina at follow-
up. In both groups, and compared to males, the fe-
males had manifested more clinical heart failure,
13/47 (27.7%) of the young females and 7/16
(43.8%) in the elderly females.Discussion
This study examined the clinical presentation,
prevalence of different classic risk factors of CAD
and short-term outcome in the young Saudi popula-
tion with ACS and produced several interesting clin-
ical implications. First, while other studies found the
prevalence of ACS in young patients to be between
5–6% [12–14] and 6–7.6% [15,16], it was higher
(11.6%) among our studied population. Also, epide-
miologic and clinical data from the studies per-
formed on young adults with ACS have shown that
the occurrence of MI to be uncommon (2% inion, 107 Control, 50 p value
13.5 ± 2.1 0.31
8.7 ± 3.6 0.16
NA NA
11.5 ± 6.7 0.28
120.4 ± 87.0 0.04
4.4 ± 1.2 0.82
2.8 ± 1.1 0.63
0.87 ± 0.2 0.29
1.6 ± 1.3 1.12
897 ± 1426 0.01
NA NA
34 (68) 0.063
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Table 4. One-month clinical outcome.
Variable Study population, 107 Control, 50 p value
Death 0 1 (2) NA@
Stroke 1 (0.9) 0 NA@
Myocardial infarction 2 (1.8) 3 (6) 0.04
Clinical heart failure 23 (21.5) 16 (32) 0.036
NYHA 1* 16 (14.9) 13 (26) 0.015
NYHA 2* 7 (6.5) 3 (6) 0.61
Angina 14 (13.1) 6 (12) 0.82
CCC 1# 13 (12.1) 6 (12) 1.32
CCC 2# 1 (0.9) 0 NA@
* NYHA: New York Heart Association.
# CCC: Canadian Cardiovascular Class of angina.
@ NA: not available.
Table 3. In-hospital outcome.
Variable Study population, 107 Control, 50 p value
Hospital stay (days) 4.2 ± 3.2 6.9 ± 6.8 0.035
Death 0 1 (2) NA@
Stroke 1 (0.9) 0 NA@
Myocardial infarction 2 (1.8) 3 (6) 0.02
Stent thrombosis 2 (1.8) 1(2) 0.37
Clinical heart failure* 24 (22.4) 16 (32) 0.03
Left ventricular EF (%)# 47.8 ± 11.9 43.0 ± 10.6 0.08
* Clinical heart failure (SOB + basal crackles + need for diuretics).
# EF: ejection fraction.
@ NA: not available.
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Our definition of young patients was similar to some
other studies [18], but the female patients in our
study were somewhat older than those in other stud-
ies [14–16]. The different inclusion criteria might ex-
plain some of the different prevalence of ACS, yet,
the difference in risk factor magnitude in our studied
population cannot be overemphasized. The second
important finding in our study is the peculiar CAD
risk factors profile; both smoking and family history
of premature CAD were less prevalent compared
to other studies including young ACS [12,14,15],
and some national studies [19]. However, the preva-
lence of DM was surprisingly high in our study, and
was especially alarming among the young female pa-
tients. The prevalence of hypertension, overweight/
obesity and hypercholesterolemia were similar to
their distributions in some studies of ACS in young
populations [12,14,15], and reports of similar cohorts
from a neighbor population [16], and national regis-
try [19]. History of smoking among the young fe-
males in our study was not always reported, as
asking a female if she is a smoker is an embarrassing
question and is considered a social stigma in this part
of the country; however, we think that smoking
might not be prevalent among our studied female
patients as smoking among Saudi females is gener-
ally lower than the reported prevalence amongwestern communities [20,21]. Also, data from nearby
and relatively similar populations showed smoking
to be uncommon among females [22]. It appears that
the untoward effects of a very high incidence of DM
ameliorated the benefit of lower rates of smoking.
Data from the multinational and multicenter REACH
registry [23] showed the Middle East to be the
highest in DM distributions and national studies
[19] also support this finding. Reports from the area
consider DM to be an epidemic [6,24]. These data
support our findings and shed more light on the
need for urgent plans to be implemented for preven-
tion, early detection and strategic policies for DM
management.
The third important finding in our study is the ab-
sence of in-hospital or 30-day mortality. Studies had
generally given favorable outcome of ACS in youn-
ger populations [15–18], and in addition we even re-
ported much lower mortality rates than those in the
control group and in reports from older population
in the same area [24,25]. Therefore, young adults
who experienced ACS, including patients with acute
MI undergoing primary PCI, had relatively favorable
immediate and short-term clinical outcomes. The el-
derly control group with older age, higher prevalence
of hypertension, DM, and manifestations of
atherosclerosis, as prior MI or stroke, presented with
more serious Killip class, had more in-hospital
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pital and at one month follow-up.
Finally, in the present study, the incidence of
young–adult patients with STEMI was 4.4% among
our whole screened MI population. Acute STEMI
was the most prevalent ACS among our young
population, while it was the least among the el-
derly control group. The prognostic outcome of
acute MI in young adults undergoing primary
PCI is currently unclear. Additionally, these data
have not been reported in a Saudi population. In
our study coronary angiography was performed
in 80.4% which is higher than data from the Saudi
SPACE registry [19], and PCI was performed in
67.2% of our overall study population. This, at least
in part, explains the favorable in-hospital and one-
month outcome of our young population with ACS,
and supports the favorable outcome when conven-
tional and interventional strategies are not under-
used and are optimized according to the guide-
lines. Reports had shown that women with CAD
are under-diagnosed, under-treated and might
have a worse prognosis [26,27]; however, our study,
even though it included a small number, showed
that when treating females with ACS with same
treatment as the males, including PCI, they have
similarly favorable in-hospital and short-term
outcomes.
In contrary to other data from the same area that
included multiple nationalities [7,24,25], one impor-
tant aspect in this study is that all included patients
are native Saudi. This is especially important when
we know that more than one-fifth of the populations
living in Saudi Arabia are expatriates [28].
Compared to others studies [22,25], our study
showed a higher incidence of clinical heart failure,
which can be explained by the difference in ap-
plied definitions. Also, females in our study had
more heart failure and were more frequently dis-
charged on diuretics despite that the LVEF was
not significantly different between males and fe-
males. The more prevalent diabetes, hypertension
and higher BMI in females than males is a possi-
ble explanation.Study limitations
This registry had relatively small sample size
and other possibly important emerging risk fac-
tors were not included in the analysis. Also, the
study did not provide intermediate or longer-term
follow-up. Therefore, a large sample size in a pro-
spective study of the native population with long-
er follow-up may be required to further support
the findings obtained from the present study.Conclusion
This is the first national study specifically address-
ing native, young Saudi patients with ACS. It showed
that the incidence of MI is one among the highest re-
ported worldwide, and it also showed that among the
young Saudi with ACS, DM is highly prevalent. The
implementation of guidelines for management of the
ACS population has the impact of favorable out-
comes in the young with ACS. The alarming inci-
dence of DM and the prevalence of other risk
factors necessitate an aggressive approach for popu-
lation-based intervention.Funding sources
The study was supported by scientific indepen-
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